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TITLE OF THE INVENTION 

ENHANCED GAMMA-CARBOXYLATION OF RECOMBINANT 
VITAMIN K- DEPENDENT CLOTTING FACTORS 



BACKGROUND OF THE INVENTION 

10 Biologically active human blood clotting Factor X is fully gamma 

carboxylated. Factor X, a vitamin K-dependent two-chain glycoprotein, is a substrate 
for both the extrinsic (tissue factor/FVIla) and intrinsic (FVIIIa/FIXa) tenase 
complexes thus linking these two pathways (Kalafatis et al.,1994, Biochem. Biophys. 
Acta 1227: 113). The activated form of Factor X (FXa) is the serine protease 

15 component of the enzymatic complex termed prothrombinase, the only known 

physiological activator of prothrombin. Prothrombinase assembles through reversible 
interactions between FXa and the cofactor factor Va (FVa) on an appropriate 
membrane (i.e., platelet) surface in the presence of Ca 2 * ions (Mann et al. , 990, Blood 
76: 1). While FXa catalyzes prothrombin activation, the macromolecular interactions 

20 which stabilize prothrombinase lead to a substantial enhancement in catalytic efficiency 
(Mann et al.,1988, Ann. Rev. Biochem. 57:915), indicating that assembly of this 
complex is an important requisite for rapid and localized thrombin generation. Because 
Factor X/FXa occupies a central position in the coagulation pathway, there is 
considerable interest in its therapeutic modulation (Hauptmann et al.,1999, Thromb. 

25 Res. 93:203), highlighting the need to better understand structural determinants on 
Factor X/FXa important to its function. 

While extensive progress has been made in delineating structural 
determinants important for function on thrombin, FIXa, FVIIa, and activated protein C 
(APC), less is known about FXa. One explanation is the limited number of naturally 
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occurring FXa mutations to study. Another reason is the difficulty in producing (as 
compared to other vitamin K-dependent proteins) functional recombinant Factor X/FXa 
(rFXa). As with all vitamin K-dependent proteins, the biosynthesis of Factor X is 
complex, involving several co- and post-translational modifications (Kaufman RJ, 
5 1998, Thromb. Haemost. 79: 1068). Efficient processing and release of mature two- 
chain Factor X into the circulation requires, 1) removal of the signal sequence, 2) 
formation of disulfide bonds, 3) modification of amino-terminal glutamic acid residues 
to y-carboxyglutamic acid, 4) modification of one aspartic acid in the first epidermal 
growth factor (EGF) domain to P-hydroxyaspartic acid, 5) addition of N- and Olinked 

10 oligosaccharides to the activation peptide, 6) removal of an internal tripeptide to yield 
two chain Factor X, and 7) removal of the propeptide just prior to secretion (for review 
see Kaufman RJ, 1998, Thromb. Haemost. 79:1068). While some of these 
modifications do not appear essential for Factor X function, the removal of the signal 
sequence, propeptide, internal tripeptide, and foil y-carboxylation are all steps which 

15 are important requisites for the production of biologically active Factor X/FXa. 

Expression of rFactor X is heterogeneous with respect to removal of the 
internal tripeptide, propeptide cleavage, and y-carboxylation. Expression of rFactor 
X/FXa in CHO and COS-1 cells appears less efficient than HEK 293 cells with respect 
to these modifications (Messier et al., 1991, Gene 99:291; Wolf et al., 1991, J. Biol. 

20 Chem. 266:13726; Rudolph et al., 1997, Protein Expression and Purification 10:373; 
Sinha et al., 1994, Thromb. Res. 75:427; Larson et al., 1998, Biochemistry 
37:5029). Some of these inefficient modifications can be overcome by expressing 
rFactor X in HEK 293 cells, cotransfecting with PACE/forin, and modifying the Factor 
X propeptide at position -2 (Thr-^Arg; henceforth referred to as native rwtFactor X). 

25 However, inefficient y-carboxylation still remains a major problem (Rudolph et al. , 
1997, Protein Expression and Purification 10:373; Larson et al., 1998, Biochemistry 
37:5029). For example, it has been discovered that on average only 32% of the rFactor 
X produced by HEK 293 cells is folly y-carboxylated while the remaining material 
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exhibits no y-carboxylation (Larson et al., 1998, Biochemistry 37:5029). While 
separation of uncarboxylated and fully y-carboxylated rFactor X can be readily 
accomplished, the resulting protein yields are less than desirable. This heterogeneity in 
Y-carboxylation can be overcome completely by expressing Gla-domainless rFactor X 
5 (Rezaie et al. , 1993, J Biol. Chem. 268:8176); however, this is a less than satisfactory 
solution for studies involving macromolecular complex assembly of Factor X/FXa 
which requires a membrane surface. Thus, an ideal expression system would direct 
high-level protein production (>2-5 ug rFactor X/10 6 cells/24 hour) while still allowing 
for efficient execution of post-translational modifications essential to Factor X/FXa 
10 function. 

The enzyme responsible for modification of glutamic acid residues to y- 
carboxyglutamic acid (Gla) in the amino-terminal portion of a number of blood 
coagulation proteins is the vitamin K-dependent y-glutamyl carboxylase (Wright et al. , 
1995, Vitamin K-Dependent g-Glutamyl Carboxylase, in High KA, Roberts HR 

15 (eds): Molecular Basis of Thrombosis and Hemostasis, New York, Marcel Dekker, 
Inc., p 309). The mechanism by which the carboxylase recognizes its substrate is 
believed to be through initial binding to an 18 amino acid propeptide sequence on the 
vitamin K-dependent protein (for review see Furie etal., 1990, Blood 75:1753). The 
importance of the propeptide sequence for y-carboxylation is demonstrated by studies 

20 which show that disruption of this site in FIX, protein C, or prothrombin yield a mature 
protein that either lacks or is deficient in y-carboxylation (Jorgensen et al., 1987, Cell 
48:185; Foster et al., 1987, Biochemistry 26:7003, Furie et al., 1990, Blood 
75:1753), indicating that the propeptide is required for y-carboxylation. Analysis of 
naturally occurring mutations in this region supports this conclusion (Chu et al., 1996, 

25 J . Clin. Invest. 98: 1619; Stanley et al. , 1999, Biochemistry 38: 15681). Recent 
studies also support the notion that the y-carboxylation recognition site on the 
propeptide is sufficient to direct y-carboxylation of glutamic acid residues as long as 
these residues are within 40 amino acids of the y-carboxylation recognition site (Furie 
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et al. t 1997, J. Biol. Chem. 272:28258). 

As noted above, in order that Factor X is biologically active, it must be 
fully gamma-carboxylated. Until the present invention, it has only been possible to 
produce biologically active rFactor X which is about 20-40% gamma carboxylated 
5 (Larson et al., 1 998, Biochemistry 37:5029-5038). There is thus a great need in the art 
for methods of producing rFactor X which is fully carboxylated. In addition, there is 
also a great need for the development of methods of producing other mature vitamin K- 
dependent proteins that are fully gamma carboxylated. The present invention satisfies 
these needs. 

10 

SUMMARY OF THE INVENTION 
The invention relates to an isolated chimeric nucleic acid comprising a 
nucleic acid sequence encoding a propeptide fused to a nucleic acid sequence encoding 
a vitamin K-dependent protein. 
15 In one aspect, the vitamin K-dependent protein is selected from the 

group consisting of Factor X, Factor VII, protein S, Factor IX, protein C and 
prothrombin. 

In another aspect, the propeptide is selected from the group consisting of 
altered or unaltered Factor X, Factor VII, protein S, Factor IX, protein C and 
20 prothrombin propeptide. 

In other aspects, there is included a vector and a cell comprising the 
chimeric nucleic acid of the invention. 

The invention additionally includes a chimeric protein comprising a 
propeptide fused to a vitamin K-dependent protein. 
25 In one embodiment, the vitamin K-dependent protein is selected from 

the group consisting of Factor X, Factor VII, protein S, Factor IX, protein C and 
prothrombin. In another embodiment, the propeptide is selected from the group 
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consisting of altered or unaltered Factor X, Factor VII, protein S, Factor IX, protein C 
and prothrombin propeptide. 

The invention further includes a cell comprising the chimeric protein of 

the invention. 

5 In addition, there is included a method of optimizing the gamma 

carboxylation of a vitamin K-dependent protein. The method comprises introducing 
into a cell the chimeric nucleic acid of the invention, expressing the chimeric nucleic in 
the cell, and assessing the level of gamma carboxylation of the vitamin K-dependent 
protein expressed by the chimeric nucleic acid, wherein the effect of the propeptide 

10 sequence on the gamma carboxylation is measured, the method further comprising 

modifying the nucleic acid encoding the propeptide until optimal gamma carboxylation 
of the vitamin K-dependent protein is achieved. 

In one embodiment, the modifying includes substituting nucleic acid 
encoding the propeptide sequence with an altered or different propeptide sequence. 

15 Also included is a method of producing a fully gamma carboxylated 

vitamin K-dependent protein. The method comprises introducing into a cell an isolated 
chimeric nucleic acid comprising a nucleic acid encoding a propeptide fused to a 
nucleic acid sequence encoding a vitamin K-dependent protein and expressing the 
protein therefrom, thereby producing a fully gamma carboxylated vitamin K-dependent 

20 protein. 

There is also included a fully gamma carboxylated vitamin K-dependent 
protein made by the aforementioned method. 

Further included is a method of alleviating a vitamin K-dependent 
protein associated disease in a mammal. This method comprises administering a fully 
25 gamma carboxylated protein to a mammal having the disease thereby alleviating the 
disease. 

In addition, there is included a method of alleviating a vitamin K- 
dependent protein associated disease in a mammal. The method comprises 
administering the isolated chimeric nucleic acid of the invention to a mammal having 
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the disease, wherein the chimeric nucleic acid is expressed in a cell in the mammal 
to produce a fully gamma carboxylated vitamin K-dependent protein in the 
mammal, thereby alleviating the disease. 

The invention further includes a method of alleviating a vitamin K- 
5 dependent protein associated disease in a mammal. The method comprises 

administering a vector comprising the chimeric nucleic acid of the invention to a 
mammal having the disease, wherein the chimeric nucleic acid is expressed in a cell 
in the mammal to produce a fully gamma carboxylated vitamin K-dependent 
protein in the mammal, thereby alleviating the disease. 

1 0 Additionally, there is included a method of alleviating a vitamin It- 

dependent protein associated disease in a mammal. The method comprises 
administering a cell comprising the chimeric nucleic acid of the invention to a 
mammal having the disease, wherein the chimeric nucleic acid is expressed in the 
cell in the mammal to produce a fully gamma carboxylated vitamin K-dependent 

15 protein in the mammal, thereby alleviating the disease. 

Further included is a pharmaceutical composition comprising the 
isolated chimeric nucleic acid of the invention, a pharmaceutical composition 
comprising a vector comprising the chimeric nucleic acid of the invention, a 
pharmaceutical composition comprising a cell comprising the chimeric nucleic acid 

20 of the invention, a pharmaceutical composition comprising the chimeric protein of 
the invention and a pharmaceutical composition comprising a fully carboxylated 
vitamin K-dependent protein. 



BRIEF DESCRIPTION OF THE DRAWINGS 
25 Figure 1, comprising Figures lAi, 1 Aii, IBi, IBii, and 1C, is a 

schematic representation of the cloning and expression of a fully gamma 
carboxylated Factor X protein. Figures 1 Ai and IBi depict Round 1 PCR, and in 
both of these figures, "SSB" refers to signal sequence and propeptide. Figures lAii 
and IBii list the nucleotide sequences of prothrombin primers a and b (Figure 1 Aii) 
30 and Factor X primers c and d (Figures IBii). In Figure lAii, { } indicates a BglH 
restriction site, [ ] indicates prothrombin sequence -43 to -39, ( ) indicates factor X 
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sequence 5 to 1, and <> indicates prothrombin sequence -1 to -5. In Figure IBii, 
the primer designated c is factor X sequence 1 to 8. Figure 1 C is a flow sheet that 
depicts Round 2 PCR. 

Figure 2 is a schematic representation of a protocol for purifying 
5 recombinant Factor X protein. 

Figure 3 is a representation of the sequence alignment of the vitamin 
K-dependent coagulation factor propeptides. The eighteen amino acid propeptide 
sequence of the vitamin K-dependent coagulation factors, which is the primary 
binding site for the carboxylase, are shown above along with their inhibition 

10 constants toward a FIX propeptide/y-carboxyglutamic acid substrate. The K* values 
are a relative measure of the affinity of the propeptide for the carboxylase. These 
data are taken from Stanley et al., 1999, J. Biol. Chem. 274:16940. The sequences 
shown have the following SEQ ID NOS: Factor X (SEQ ID NO: 1 ); Factor VII 
(SEQ ID NO:2); Protein S (SEQ ID NO:3); Factor IX (SEQ ID NO:4); Protein C 

15 (SEQ ID NO:5); Prothrombin (SEQ ID NO:6). 

Figure 4, comprising Figures 4A-4C, is a series of graphs depicting 
separation of y-carboxylated and uncarboxylated rFactor X by hydroxyapatite (HA) 
chromatography. HA chromatography was used to separate uncarboxylated and 
fully y-carboxylated rFactor X. Figure 4A: Approximately 80% of the rwtFactor X 

20 eluted in the first peak and represents uncarboxylated protein, and the remaining 
20% eluted in the second peak and represents fully y-carboxylated protein. Figure 
4B (clone B5) and Figure 4C (clone Al): rFactor X expressed with the 
prothrombin pre-pro-sequence also separated on HA into two peaks, with 
approximately 10% of the protein eluting in the peak 1 (uncarboxylated protein) 

25 and the remaining 90% of the protein eluting in the peak 2 (y-carboxylated protein). 
Elution of each protein was monitored by absorbance a 280 nm (left axis). 

Figure 5 is the nucleotide sequence which encodes the following 
propeptides: Factor X, Factor VII, Protein S, Factor IX, Protein C and Prothrombin 
(SEQ ID NOS: 7-12, respectively). 

30 Figure 6, comprising Figures 6A-6Fii, is the nucleotide sequence 

encoding the signal, propeptide and mature protein sequence of the following 
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proteins: Factor X (Figure 6A), Factor VII (Figures 6Bi and 6Bii), Protein S 
(Figures 6Ci-6Ciii), Factor IX (Figures 6Di and 6Dii), Protein C (Figures 6Ei and 
6Eii) 5 and Prothrombin (Figures 6Fi and 6Fii; SEQ ID NOS: 13-18, respectively). 

5 DETAILED DESCRIPTION OF THE INVENTION 

The invention relates to the discovery of a method of generating a 
recombinant gamma carboxylated vitamin K-dependent protein, exemplified herein 
by Factor X , which is about 90 to 95% carboxylated. Thus, the invention provides 
a vast improvement over prior art methods wherein gamma carboxylated Factor X 
1 0 is produced which is only about 20 to 40% carboxylated (Larson et al., 1998, 

Biochemistry 37:5029-5038). Within the context of the present invention, a system 
has been designed which is applicable to and enhances the gamma carboxylation of 
vitamin K-dependent proteins. 

Gamma carboxylation of vitamin K-dependent proteins occurs via 

1 5 binding of the carboxylase enzyme to the propeptide portion of the protein. It has 
been discovered in the present invention that it is possible to vary the affinity of the 
propeptide for the carboxylase. When the affinity of the propeptide is varied, the 
extent of gamma carboxylation of the mature protein is also varied. Thus, 
modification of the affinity of a propeptide for the carboxylase in a particular 

20 expression system may enhance or reduce gamma carboxylation of the protein. In 
the example presented herein, the affinity of the Factor X propeptide for 
carboxylase in HEK 293 cells was decreased. As a result, carboxylation of Factor 
X was enhanced from about 30% to 85%. Thus, the first step in enhancing 
gamma-carboxylation of a protein is to modify the affinity of the propeptide for the 

25 carboxylase. Depending on the expression system and the known affinity for that 
vitamin K-dependent protein, it may be necessary to either increase or decrease the 
affinity of the propeptide for the carboxylase. Each expression system may have an 
"optimal" propeptide affinity for its "own" carboxylase. It is a simple matter, once 
armed with the present invention to assess the effect of modification of any given 

30 propeptide on gamma carboxylation of any given mature vitamin K-dependent 
protein in any particular expression system. 
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While the vitamin K-dependent propeptides share sequence homology, 
their relative affinities for the carboxylase vary over a 100-fold, with the propeptide of 
Factor X binding with the greatest affinity followed by FVII, protein S, FIX, protein C, 
and prothrombin (Figure 3). As described herein, studies indicate that specific amino 
5 acids within these propeptide sequences are responsible for their reduced affinity for 
the carboxylase (Example 3). In the case of protein C and prothrombin which bind the 
carboxylase with similar affinities, a single amino acid change suffice to substantially 
increase their affinity for the carboxylase (Figure 3 and Example 3). 

Although the examples provided herein include the use of a 

10 prothrombin propeptide sequence linked to a mature Factor X sequence, and a 
modified Factor X sequence linked to a mature Factor X sequence, the invention 
should in no way be construed as being limited to these examples, but rather, should 
be construed to include any and all combinations of propeptide sequences and mature 
vitamin K-dependent sequences which are presently known or become known. The 

15 use of any modified propeptide sequence that enhances gamma carboxylation of a 
mature vitamin K-dependent in any given expression system is contemplated in the 
invention. 

According to the present invention, a chimeric cDNA has been 
generated in which DNA encoding a selected signal sequence and a propeptide 

20 sequence is fused to DNA encoding mature Factor X. Thus, the chimeric cDNA 

comprises a signal and propeptide sequence fused to a Factor X sequence. The type of 
signal sequence used is not important to the gamma carboxylation of the mature 
protein. Rather, as already noted herein, gamma carboxylation of the protein is 
affected by the propeptide sequence present in the construct comprising the chimeric 

25 nucleic acid. Thus, for purposes of the discussion which follows, the nature of the 
signal sequence is deemed to be irrelevant; however, it is assumed in all of the 
discussions which follow that a signal sequence is present in the nucleic acid sequence 
comprising the chimeric DNA of the invention. The signal sequence may be that of the 
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native protein, or it may be that of the propeptide sequence used, or it may be an 
unrelated signal sequence. 

The propeptide sequence which is normally fused to DNA encoding the 
mature vitamin K-dependent protein, exemplified herein by Factor X, is replaced in the 
5 chimeric DNA of the invention by a new propeptide sequence. The new propeptide 
sequence is one which is not normally associated with the mature protein. A 
propeptide sequence which is normally associated with any given mature vitamin It- 
dependent protein is referred to herein as a "wild type" propeptide sequence. A wild 
type propeptide sequence is distinguished from the propeptide sequences useful in the 
10 present invention in that, in the latter case, the sequences have been altered such that 
the affinity of the propeptide for gamma carboxylase is different from that of the wild 
type propeptide. 

Propeptide sequences useful in the invention therefore include altered 
forms of wild type sequences, and further include for example, a prothrombin 

15 propeptide sequence linked to a mature Factor X sequence, i.e., it is possible to practice 
the present invention using mixed and matched propeptide/mature vitamin In- 
dependent sequences. As noted herein, the propeptide sequence in vitamin in- 
dependent proteins is the recognition element for the enzyme which directs gamma 
carboxylation of the protein. Vitamin K-dependent proteins are not fully functional 

20 unless they comprise a high percentage of gamma carboxylated moieties. Thus, it is 
important when generating recombinant versions of these proteins that mechanisms be 
put in place to ensure full gamma carboxylation of the same. The replacement of the 
native propeptide sequence in a vitamin K-dependent protein by the prothrombin 
sequence results in a mature protein which comprises many more gamma carboxylated 

25 groups than that generated when the native propeptide sequence is used. 

The invention therefore constitutes an improved strategy for producing 
highly gamma carboxylated recombinant vitamin K-dependent proteins. While the 
production of gamma carboxylated Factor X is exemplified herein, the invention 
should not be construed to be limited to the use of the method for production of highly 
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gamma carboxylated Factor X alone. Rather, the invention should be construed to 
encompass all vitamin K-dependent proteins, including, without limitation, Factor IX, 
Factor VII and protein C. 

The sequence alignment of several propeptide sequences is shown in 
5 Figure 3. Thus, propeptides which are useful in the present invention are those which 
have the sequences shown in Figure 3 wherein an 18 amino acid sequence of several 
useful propeptides is shown along with the relative affinities of these propeptides for 
gamma carboxylase. 

The corresponding nucleotide sequences which encode the propeptide 

10 sequences shown in Figure 3 are shown in Figure 5, and the nucleotide sequences 
encoding the entire proteins are shown in Figure 6. 

One preferred propeptide for use in the present invention is 
prothrombin propeptide. Another preferred propeptide for use in the present invention 
is that of Factor X wherein the primary amino acid sequence of mature Factor X has 

15 been altered such that the altered Factor X has a lower affinity for gamma carboxylase. 
Altered Factor X propeptide having a lower affinity for gamma carboxylase than 
unaltered Factor X is termed "low affinity Factor X propeptide" herein. The expression 
of low affinity Factor X propeptide linked to mature Factor X protein results in the 
production of a higher concentration of Factor X which is highly gamma carboxylated 

20 compared with that produced when unaltered Factor X is used. While not wishing to 
be bound by theory, it is understood that when Factor X propeptide is high affinity 
Factor X propeptide, it binds tightly to gamma carboxylase during the process of 
carboxylation. Tightly bound gamma carboxylase is then unavailable for carboxylation 
of other Factor X molecules. On the other hand, low affinity Factor X propeptide binds 

25 gamma carboxylase less tightly, resulting in a higher turnover rate of the enzyme and 
therefore increased carboxylation of Factor X molecules in the reaction mixture. 

The invention therefore also includes a low affinity propeptide, 
exemplified by the low affinity Factor X propeptide as described and defined herein. 
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A "low affinity propeptide" is one which has an affinity for gamma carboxylase which 
is similar to the affinity of prothrombin propeptide as disclosed herein. 

Referring again to Figure 3 and Examples 2 and 3 herein, a low affinity 
propeptide may be generated by modifying any one of amino acids -9 or -13 on either 
5 prothrombin or protein C. Preferred modifications include the substitution of an Arg or 
a His residue at position -9 and the substitution of a Pro or a Ser residue at position - 
13. 

The invention also includes a chimeric protein comprising a propeptide 
sequence fused to a mature vitamin K-dependent protein. 

10 B y me ten " "chimeric protein" as used herein is meant a propeptide 

sequence fused to a mature vitamin K dependent protein, wherein the combination of 
the two peptide sequences is a non-natural combination. For example, a Factor X 
propeptide sequence that has been altered using recombinant DNA technology which is 
fused to wild type mature Factor X is a non-natural combination. Similarly, a 

15 prothrombin propeptide fused to mature Factor X is a non-natural combination. 

Preferred chimeric proteins include a propeptide selected from the group 
consisting of unaltered or altered Factor X, Factor VII, Protein S, Factor IX, Protein C 
and prothrombin, and a mature protein selected from the group consisting of Factor X, 
Factor VII, Protein S, Factor IX, Protein C and prothrombin. When the propeptide is 

20 an altered propeptide, then the altered propeptide can be linked to any one of the 
mature proteins listed herein. When the propeptide is unaltered propeptide, then the 
unaltered propeptide can be linked only to a mature protein with which it is not 
normally associated. 

An "altered" propeptide is one in which at least one naturally occurring 
25 amino acid has been substituted with an amino acid which does not normally occur at 
that position in the propeptide. 

The invention further includes a chimeric isolated nucleic acid encoding 
the chimeric protein of the invention. It is a simple matter once armed with the present 
invention, to construct a chimeric DNA comprising a signal and propeptide sequence 
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fused to a protein which depends upon gamma carboxylation for maximum biological 
activity. The nucleotide sequences which encode preferred propeptide sequences are 
shown in Figure 5 and the nucleotide sequences which encode the vitamin K-dependent 
proteins useful in the invention are shown in Figure 6. 
5 By the term "chimeric DNA" as used in the context of the present 

invention, is meant a DNA encoding a signal sequence and a propeptide sequence fused 
to a DNA encoding a mature vitamin K. dependent protein, wherein the combination of 
the two DNAs is a non-natural combination. For example, a Factor X propeptide 
sequence that has been altered using recombinant DNA technology which is fused to 
10 DNA encoding wild type mature Factor X is a non-natural combination. Similarly, 
DNA encoding prothrombin propeptide fused to DNA encoding mature Factor X is a 
non-natural combination. 

The invention should be construed to include any and all chimeric 
DNAs and proteins encoded thereby, which comprise a signal and propeptide sequence 
15 fused to DNA encoding a gamma carboxylation-requiring protein. 

Preferred chimeric DNAs include DNA encoding a propeptide selected 
from the group consisting of unaltered or altered Factor X, Factor VII, Protein S, Factor 
IX, Protein C and prothrombin, and DNA encoding a mature protein selected from the 
group consisting of Factor X, Factor VII, Protein S, Factor IX, Protein C and 
20 prothrombin. When the propeptide DNA encodes an altered propeptide, then the 

altered propeptide DNA can be linked to DNA encoding any one of the mature proteins 
listed herein. When the propeptide DNA encodes an unaltered propeptide, then the 
unaltered propeptide DNA can be linked only to DNA encoding a mature protein with 
which it is not normally associated. 
25 Tne invention further includes a cell comprising the isolated chimeric 

nucleic acid of the invention, and a cell comprising the chimeric protein of the 
invention. The cell may be any type of cell including a prokaryotic and a eukaryotic 
cell. When the cell is a eukaryotic cell, the cell is preferably one in which gamma 
carboxylase is expressed. Suitable cells are described herein in the examples section, 
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although the invention should not be construed to be limited solely to the used of the 
specific cells exemplified herein. 

Expression of the chimeric nucleic acid encoding the desired 
propeptide sequence fused to the desired vitamin K-dependent kinase sequence is 
5 effected by operably linking a suitable promoter sequence to the chimeric nucleic acid 
in such a manner that the promoter drives expression of the chimeric nucleic acid 
within a desired cell in the mammal. The type of promoter to be used will depend 
upon the expression system used to generate the protein and the invention should 
therefore not be construed to be limited to the use of any one type of promoter. 

10 Constitutive promoters, inducible promoters and tissue specific promoters are all 
contemplated as being useful in the present invention. 

The invention also includes a method of optimizing the gamma 
carboxylation of a mature vitamin K-dependent protein. The method comprises 
substituting the naturally occurring propeptide sequence for the mature protein with an 

15 altered version of that propeptide sequence or by substituting the naturally occurring 
propeptide sequence for that protein with a different vitamin K-dependent protein 
propeptide sequence. Expression of a chimeric nucleic acid encoding a substituted or 
altered propeptide linked to a mature vitamin K-dependent protein in a cell results in 
the production of a propeptide having an altered affinity for gamma carboxylase. 

20 Gamma carboxylation of the protein then occurs via the action of gamma carboxylase 
in the cell. The effect of the substitution/alteration of the propeptide sequence on 
gamma carboxylation of the mature protein is assessed in any of the gamma 
carboxylation assays described herein. In this way, optimum gamma carboxylation of 
the protein can be achieved by substituting/altering the propeptide sequence fused 

25 thereto. Upon a reading of the present disclosure, it is a simple matter to generate "mix 
and match" propeptide/mature vitamin K-dependent chimeric DNAs or proteins, and to 
assess the level of gamma carboxylation of the mature protein. 

The invention further includes a method of generating a fully 
carboxylated vitamin K-dependent kinase. The method comprises generating the 
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chimeric isolated nucleic acid of the invention, expressing the nucleic acid in a cell to 
produce the protein encoded thereby, wherein upon carboxylation of the protein by 
gamma carboxylase, the protein is fully carboxylated. 

The term "fully gamma carboxylated protein" is used herein to refer to a 
5 protein wherein at least about 80% of the amino acids which should be gamma 

carboxylated are carboxylated. Preferably, at least about 85%, more preferably, at least 
about 90%, more preferably at least about 95% and even more preferably, at least about 
99% of the amino acids which should be gamma carboxylated are gamma 
carboxylated. 

10 The invention is useful for the production of quantities of sufficiently 

gamma carboxylated proteins for the use of the same as therapeutic molecules directly, 
or for their use in the development of small molecules which may be useful as agonists 
or antagonists of the subject protein. Further, the chimeric DNA of the invention is 
useful for in vivo production of the desired protein for treatment of vitamin K- 

15 dependent diseases or disorders. 

Again, while the use of Factor X is exemplified herein, the invention 
should not be construed as being limited solely to the use of this protein and should be 
construed to include all vitamin K-dependent proteins and their use in treatment of 
disease states associated with them. With respect to Factor X, large quantities of 

20 highly gamma carboxylated forms of this molecule may be generated which may be 
useful directly as a therapeutic molecule for treatment of congenital or acquired Factor 
X deficiency, or it may be used for the development of small molecules which function 
as either agonists or antagonists of the native protein. 

A pharmaceutical composition comprising fully gamma carboxylated 

25 mature vitamin K-dependent protein produced by the methods described herein, is also 
included in the invention. 

In addition, the invention also includes a pharmaceutical composition 
comprising DNA encoding the chimeric protein of the invention as described in more 
detail elsewhere herein. 
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Further included in the invention is a method of alleviating a vitamin K- 
dependent kinase associated disease in a mammal. The mammal is preferably a 
human. In general, the vitamin K-dependent associated disease is one in which there is 
a deficiency of a vitamin K-dependent protein, which deficiency results in the disease 
5 state. The method comprises administering to the mammal a fully carboxylated mature 
vitamin K-dependent protein, wherein the carboxylated protein has been made 
according to the methods described herein. 

Administration of a fully carboxylated protein to a mammal may also be 
' effected by administering a chimeric nucleic acid encoding a propeptide linked to DNA 
10 encoding the mature vitamin K dependent protein. Preferably, the chimeric nucleic 
acid has a promoter operably linked thereto, wherein the promoter drives expression of 
the chimeric protein is a desired cell. Expression of the nucleic acid in a desired tissue 
in the mammal results in production of the mature protein in the tissue, which protein is 
gamma carboxylated by carboxylase in the tissue, thereby effecting administration of 
15 the protein to the mammal. 

When the protein is administered to the mammal in the form of a 
chimeric nucleic acid encoding the same, the nucleic acid may be administered as 
naked DNA. However, preferably the nucleic acid is delivered to the mammal in the 
form of a vector, as that term is defined herein. Suitable vectors include both viral and 
20 non-viral vectors, the use of which is now well known in the art, and is described, for 
example, in Verma et al„ 1997, Nature 389:239. It is well within the skill of the 
routineer in the field of the generation of and delivery of nucleic acids to mammals to 
determine exactly which vector to use and in what formulation and dosage, depending 
on the type of disease state to be alleviated. 
25 As already noted herein, expression of the chimeric nucleic acid 

encoding the desired propeptide sequence fused to the desired vitamin K-dependent 
kinase sequence is effected by operably linking a suitable promoter sequence to the 
chimeric nucleic acid in such a manner that the promoter drives expression of the 
chimeric nucleic acid within a desired cell in the mammal. Depending on the disease 
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state to be treated, the promoter may be a constitutive promoter, an inducible promoter, 
and/or a tissue specific promoter. 

When the fully carboxylated protein made by the methods of the 
invention is delivered to the mammal directly, the protein is formulated in a 
5 pharmaceutical^ acceptable carrier suitable for administration of the protein to the 
desired tissue in the mammal. Suitable pharmaceutical acceptable carriers include 
without limitation, saline, salts solution or other formulations apparent to those skilled 
in such administration. The chimeric protein may be administered to a mammal in one 
of the traditional modes (e.g., orally, parenterally, transdermal^ or transmucosally), in 

10 a sustained release formulation using a biodegradable biocompatible polymer, or by 
on-site delivery using micelles, gels and liposomes, or rectally (e.g., by suppository or 
enema) or nasally (e.g., by nasal spray). The appropriate pharmaceutically acceptable 
carrier will be evident to those skilled in the art and will depend in large part upon the 
route of administration. 

1 5 The invention further includes a kit comprising a fully carboxylated 

vitamin K-dependent protein made by the methods described herein, and an 
instructional material for use of the kit. 

Further included is a kit comprising the chimeric DNA of the invention 
and an instructional material for use of the kit. 

20 The kit comprises the composition of the invention and an instructional 

material which describes adventitially administering the composition to a cell or a 
tissue of a mammal. In another embodiment, this kit comprises a (preferably sterile) 
solvent suitable for dissolving or suspending the composition of the invention prior to 
administering the compound to the mammal. 

25 As used herein, an "instructional material" includes a publication, a 

recording, a diagram, or any other medium of expression which can be used to 
communicate the usefulness of the peptide of the invention in the kit for effecting 
alleviation of the various diseases or disorders recited herein. Optionally, or 
alternately, the instructional material may describe one or more methods of 
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alleviation the diseases or disorders in a cell or a tissue of a mammal. The 
instructional material of the kit of the invention may, for example, be affixed to a 
container which contains the peptide of the invention or be shipped together with a 
container which contains the peptide. Alternatively, the instructional material may be 
5 shipped separately from the container with the intention that the instructional material 
and the compound be used cooperatively by the recipient. 

Definitions 

As used herein, each of he following terms has the meaning associated 
10 with it in this section. 

The articles "a" and "an" are used herein to refer to one or to more than 
one (i.e. to at least one) of the grammatical object of the article. By way of example, 
"an element" means one element or more than one element. 
"Plurality" means at least two. 
15 A "disease" is a state of health of an animal wherein the animal cannot 

maintain homeostasis, and wherein if the disease is not ameliorated then the animal's 
health continues to deteriorate. In contrast, a "disorder" in an animal is a state of health 
in which the animal is able to maintain homeostasis, but in which the animal's state of 
health is less favorable than it would be in the absence of the disorder. Left untreated, 
20 a disorder does not necessarily cause a further decrease in the animal's state of health. 

A disease in a mammal is "alleviated" if the severity of a symptom of 
the disease, the frequency with which such a symptom is experienced by the 
mammal, or both, are reduced. 

As used herein, the term "fused" is used to refer to nucleotide sequences 
25 which are directly attached to one another, having no intervening nucleotides. By way 
of example, the pentanucleotide 5'-AAAAA-3' is fused to the trinucleotide 5'-TTT-3' 
when the two are connected thus: 5-AAAAATTT-3' or 5'-TTTAAAAA-3', but not 
when the two are connected thus: 5'-AAAAACTTT-3'. 
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10 



15 



20 



25 



As used herein, amino acids are represented by the full name thereof, by 
the three letter code corresponding thereto, or by the one-letter code corresponding 
thereto, as indicated in the following table: 



Full Name 


Three-Letter Code 


One-T etter 


Aspartic Acid 


Asd 


n 


Glutamic Acid 


Glu 


F 


Lysine 


Lvs 


IV 


Arginine 


Are 


R 


Histidine 


His 


XT. 


Tyrosine 


Tyr 


v 


Cysteine 


Cys 


c 


Asparagine 


Asn 


N 


Glutamine 


Gin 


o 


Serine 


Ser 


s 


Threonine 


Thr 


T 


Glycine 


Gly 


G 

VJ 


Alanine 


Ala 


A 


Valine 


Val 


V 


Leucine 


Leu 


L 


Isoleucine 


lie 


I 


Methionine 


Met 


M 


Proline 


Pro 


P 


Phenylalanine 


Phe 


F 


Tryptophan 


Trp 


W 



As used herein, an "agonist" is a composition of matter which, when 
administered to a mammal such as a human, enhances or extends a biological activity 
attributable to the level or presence of an endogenous compound in the mammal. 
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An "antagonist" is a composition of matter which when administered to 
a mammal such as a human, inhibits a biological activity attributable to the level or 
presence of an endogenous compound in the mammal. 

"Encoding" refers to the inherent property of specific sequences of 
5 nucleotides in a polynucleotide, such as a gene, a cDNA, or an mRNA, to serve as 
templates for synthesis of other polymers and macromolecules in biological processes 
' having either a defined sequence of nucleotides (i.e., rRNA, tRNA and mRNA) or a 
defined sequence of amino acids and the biological properties resulting therefrom. 
Thus, a gene encodes a protein if transcription and translation of mRNA corresponding 

10 to that gene produces the protein in a cell or other biological system. Both the coding 
strand, the nucleotide sequence of which is identical to the mRNA sequence and is 
usually provided in sequence listings, and the non-coding strand, used as the template 
for transcription of a gene or cDNA, can be referred to as encoding the protein or other 
product of that gene or cDNA. 

15 Unless otherwise specified, a "nucleotide sequence encoding an amino 

acid sequence" includes all nucleotide sequences that are degenerate versions of each 
other and that encode the same amino acid sequence. Nucleotide sequences that 
encode proteins and RNA may include introns. 

An "isolated nucleic acid" refers to a nucleic acid segment or fragment 

20 which has been separated from sequences which flank it in a naturally occurring state, 
e.g., a DNA fragment which has been removed from the sequences which are normally 
adjacent to the fragment, e.g., the sequences adjacent to the fragment in a genome in 
which it naturally occurs. The term also applies to nucleic acids which have been 
substantially purified from other components which naturally accompany the nucleic 

25 acid, e.g. , RNA or DNA or proteins, which naturally accompany it in the cell The 

term therefore includes, for example, a recombinant DNA which is incorporated into a 
vector, into an autonomously replicating plasmid or virus, or into the genomic DNA of 
a prokaryote or eukaryote, or which exists as a separate molecule (e.g, as a cDNA or a 
genomic or cDNA fragment produced by PCR or restriction enzyme digestion) 
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independent of other sequences. It also includes a recombinant DNA which is part of a 
hybrid gene encoding additional polypeptide sequence. 

In the context of the present invention, the following abbreviations for 
the commonly occurring nucleic acid bases are used. "A" refers to adenosine, "C" 
5 refers to cytidine, M G" refers to guanosine, "T" refers to thymidine, and "IT refers to 
uridine. 

A "polynucleotide" means a single strand or parallel and anti-parallel 
strands of a nucleic acid. Thus, a polynucleotide may be either a single-stranded or a 
' double-stranded nucleic acid. 
10 The term "nucleic acid" typically refers to large polynucleotides. 

The term "oligonucleotide" typically refers to short polynucleotides, 
generally no greater than about 50 nucleotides. It will be understood that when a 
nucleotide sequence is represented by a DNA sequence (i.e., A, T, G, C), this also 
includes an RNA sequence (i.e., A, U, G, C) in which "U" replaces "T." 
15 Conventional notation is used herein to describe polynucleotide 

sequences: the left-hand end of a single-stranded polynucleotide sequence is the 5-end; 
the left-hand direction of a double-stranded polynucleotide sequence is referred to as 
the 5'-direction. 

The direction of 5' to 3' addition of nucleotides to nascent RNA 
20 transcripts is referred to as the transcription direction. The DNA strand having the 
same sequence as an mRNA is referred to as the "coding strand"; sequences on the 
DNA strand which are located 5' to a reference point on the DNA are referred to as 
"upstream sequences"; sequences on the DNA strand which are 3' to a reference point 
on the DNA are referred to as "downstream sequences." 
25 A "portion" of a polynucleotide means at least at least about twenty 

sequential nucleotide residues of the polynucleotide. It is understood that a portion of a 
polynucleotide may include every nucleotide residue of the polynucleotide. 

"Recombinant polynucleotide" refers to a polynucleotide having 
sequences that are not naturally joined together. An amplified or assembled 
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recombinant polynucleotide may be included in a suitable vector, and the vector can be 
used to transform a suitable host cell. 

A recombinant polynucleotide may serve a non-coding function (e.g., 
promoter, origin of replication, ribosome-binding site, etc.) as well. 

A ''recombinant polypeptide" is one which is produced upon expression 
of a recombinant polynucleotide. 

"Polypeptide" refers to a polymer composed of amino acid residues, 
related naturally occurring structural variants, and synthetic non-naturally occurring 
analogs thereof linked via peptide bonds, related naturally occurring structural variants, 
and synthetic non-naturally occurring analogs thereof. Synthetic polypeptides can be 
synthesized, for example, using an automated polypeptide synthesizer. 

The term "protein" typically refers to large polypeptides. 
The term "peptide" typically refers to short polypeptides. 
Conventional notation is used herein to portray polypeptide sequences: 
the left-hand end of a polypeptide sequence is the amino-terminus; the right-hand end 
of a polypeptide sequence is the carboxyl-terminus. 

As used herein, a "native" protein or DNA molecule is one which is 
naturally occurring in a cell. "Naturally-occurring" as applied to an object refers to the 
fact that the object can be found in nature. For example, a polypeptide or 
polynucleotide sequence that is present in an organism (including viruses) that can be 
isolated from a source in nature and which has not been intentionally modified by man 
is naturally-occurring. 

As used herein, the term "promoter/regulatory sequence" means a 
nucleic acid sequence which is required for expression of a gene product operably 
linked to the promoter/regulator sequence. In some instances, this sequence may be the 
core promoter sequence and in other instances, this sequence may also include an 
enhancer sequence and other regulatory elements which are required for expression of 
the gene product. The promoter/regulatory sequence may, for example, be one which 
expresses the gene product in a tissue specific manner. 
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A "constitutive promoter is a promoter which drives expression of a 
gene to which it is operably linked, in a constant manner in a cell. By way of 
example, promoters which drive expression of cellular housekeeping genes are 
considered to be constitutive promoters. 
5 An "inducible" promoter is a nucleotide sequence which, when 

operably linked with a polynucleotide which encodes or specifies a gene product, 
causes the gene product to be produced in a living cell substantially only when an 
inducer which corresponds to the promoter is present in the cell. 

A "tissue-specific" promoter is a nucleotide sequence which, when 
10 operably linked with a polynucleotide which encodes or specifies a gene product, 

causes the gene product to be produced in a living cell substantially only if the cell is 
a cell of the tissue type corresponding to the promoter. 

By describing two polynucleotides as "operably linked" is meant that a 
single-stranded or double-stranded nucleic acid moiety comprises the two 
15 polynucleotides arranged within the nucleic acid moiety in such a manner that at least 
one of the two polynucleotides is able to exert a physiological effect by which it is 
characterized upon the other. By way of example, a promoter operably linked to the 
coding region of a gene is able to promote transcription of the coding region. 

By the term "signal sequence" is meant a polynucleotide sequence 
20 which encodes a peptide that directs the path a polypeptide takes within a cell, i.e., it 
directs the cellular processing of a polypeptide in a cell, including, but not limited to, 
eventual secretion of a polypeptide from a cell. A signal sequence is a sequence of 
amino acids which are typically, but not exclusively, found at the amino terminus of a 
polypeptide which targets the synthesis of the polypeptide to the endoplasmic 
25 reticulum. In some instances, the signal peptide is proteolytically removed from the 
polypeptide and is thus absent from the mature protein. 

A "prophylactic" treatment is a treatment administered to a subject who 
does not exhibit signs of a disease or exhibits only early signs of the disease for the 
purpose of decreasing the risk of developing pathology associated with the disease. 
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A "therapeutic" treatment is a treatment administered to a subject who 
exhibits signs of pathology for the purpose of diminishing or eliminating those signs. 

A "vector" is a composition of matter which comprises an isolated 
nucleic acid and which can be used to deliver the isolated nucleic acid to the interior of 
5 a cell Numerous vectors are known in the art including, but not limited to, linear 
polynucleotides, polynucleotides associated with ionic or amphiphilic compounds, 
plasmids, and viruses. Thus, the term "vector" includes an autonomously replicating 
plasmid or a virus. The term should also be construed to include non-plasmid and non- 
viral compounds which facilitate transfer of nucleic acid into cells, such as, for 

10 example, polylysine compounds, liposomes, and the like. Examples of viral vectors 
include, but are not limited to, adenoviral vectors, adeno-associated virus vectors, 
retroviral vectors, and the like. 

"Expression vector" refers to a vector comprising a recombinant 
polynucleotide comprising expression control sequences operatively linked to a 

15 nucleotide sequence to be expressed. An expression vector comprises sufficient cis- 
acting elements for expression; other elements for expression can be supplied by the 
host cell or in an in vitro expression system. Expression vectors include all those 
known in the art, such as cosmids, plasmids (e.g., naked or contained in liposomes) and 
viruses that incorporate the recombinant polynucleotide. 

20 The invention is now described with reference to the following example. 

This example is provided for the purpose of illustration only and the invention should 
in no way be construed as being limited to this example but rather should be construed 
to encompass any and all variations which become evident as a result of the teaching 
provided herein. 

25 Example 1 

Construction of Chimeric DNA and Production of Protein 
Chimeric cDNA comprising DNA encoding prothrombin propeptide 
fused to mature Factor X DNA was constructed as described in Figure 1 . The 
generation of gamma carboxylated Factor X protein was accomplished by transfection 
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of human embryonic kidney 293 cells with the chimeric DNA as described in Figure 2. 
The procedures for generation the chimeric DNAs of the invention are well known in 
the art and are described, for example, in Sambrook et al. (1 989, Molecular Cloning: A 
Laboratory Manual, Cold Spring Harbor Laboratory, New York) and in Ausubel et al. 
5 ( 1 994, Current Protocols in Molecular Biology, John Wiley & Sons, New York). 

The precise experimental protocols used for the generation of fully 
gamma carboxylated Factor X protein are described in Example 2. 
Example 2. Enhanced Gamma C arboxvlatinn of Recombinant Factor X Usinp th* 
Prothrombin Propeptide 

10 The present experiments were performed in order to optimize the 

expression of fully y-carboxylated rFactor X and to determine the significance of the 
differential binding affinities of propeptide sequences for the y-carboxylase. To this 
end, a chimeric Factor X cDNA harboring the prothrombin signal sequence and 
propeptide was created and transfected into HEK 293 cells. Stable transfectants were 

15 selected and expanded, and recombinant Factor X was purified and analyzed for y- 

carboxyglutamic acid content. The data indicate that expression of rFactor X using the 
prothrombin signal sequence and propeptide results in much higher yields of fully y- 
carboxylated material and is thus superior to the native Factor X signal sequence and 
propeptide. In addition, our results indicate that the affinity of the y-carboxylase for the 

20 propeptide region can greatly influence the extent of y-carboxylation. These data not 
only greatly facilitate the large scale production of functional rFactor X/FXa for 
detailed structure/function studies, but the observations are also be directly applicable 
to the production of other biologically active vitamin K-dependent proteins especially 
in a cellular setting where y-carboxylation of this group of proteins is compromised. 

15 Tne Materials and Methods used in this Example are now described. 

All restriction enzymes were obtained from New England Biolabs, 
Beverly, MA. Pfu DNA polymerase was obtained from Stratagene, La Jolla, CA. 
Human embryonic kidney (HEK) 293 cells were obtained from ATCC, Rockville, MD. 
Lipofectamine, G418 (Geneticin), penicillin-streptomycin, trypsin-EDTA, L- 
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glutamine and DMEM F-12 were obtained from GIBCO-BRL, Gaithersburg, MD. 
Hydroxyapatite Bio Gel HT was obtained from BioRad Laboratories, Hercules, CA. 
Q-Sepharose was obtained from Pharmacia Biotech, Uppsala, Sweden, polyclonal 
Factor X and Factor X-horseradish peroxidase antibodies for ELISA were obtained 
5 from Dako, Carpinteria, CA. The calcium-dependent monoclonal human Factor X 
antibody (MoAb, 4G3) was obtained from Dr. Harold James, University of Texas, 
Tyler, TX. 

Construction of the expres sion vector In order to exchange the signal 
• sequence and propeptide of Factor X with that of prothrombin the following specific 
10 oligonucleotide primers were constructed: primer A: 5'- 

GATCC AGATCTCCACCATGGCGC ACGTCCGA-3 ' (SEQ ID NO: 19), where the 
underlined portion is a Bglll restriction site and the last 15 bases corresponds to 
prothrombin gene sequence coding for residues -41 to -37; primer B: 5'- 
AAGAAAGGAATTGGCTCGCCGGACCCGCTG-3 ' (SEQ ID NO:20), where the first 
15 1 5 bases corresponds to Factor X gene sequence coding for residues +5 to +1 and the 
last 15 bases corresponds to prothrombin gene sequence coding for residues -1 to -5; 
primer C: S'-GCCAATTCCTTTCTTGAAGAGATG-S' (SEQ ID NO:21), where the 
24 bases correspond to Factor X gene sequence coding for residues +1 to +8; primer 
D: 5'-GAAACCCTCGTTTTCCTCATT-3' (SEQ ID NO:22), where the 21 bases 
10 corresponds to Factor X gene sequence coding for residues +220 to +2 1 4. The human 
prothrombin cDNA was kindly provided by Dr. Siriam Krishnaswamy, The Joseph 
Stokes Research Institute, Philadelphia, PA. The prothrombin DNA sequence 
encoding the signal sequence and propeptide was recombined with the DNA sequence 
of Factor X starting at position +1 by the technique of splicing by overlap extension or 
15 "geneSOEing", where primers B and C are the SOEing primers and primers A and D 
are the outside primers (Horton et al., 1989, Gene 77:61). The resulting 819 bp 
fragment was digested with Bglll and SacII, gel purified and subcloned into 
pCMV4wt-Factor X. The new chimeric vector (pCMV4-ss-pro-Il-Factor X) was 
transformed into competent bacterial cells, single colonies were picked, and vector 
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DNA was isolated by established techniques. To confirm the presence of the 
prothrombin signal sequence and propeptide and to ensure no polymerase-induced 
errors, the entire chimeric prothrombin/Factor X insert was subjected to DNA 
sequencing. 

5 Expression of rFactor X HEK 293 cells were transfected with 

pCMV4-ss-pro-II-Factor X using Lipofectamine according to the manufacturer's 
instructions. Cotransfection with a plasmid containing the neomycin resistance gene 
and the PACE/furin gene (pcDNA3-PACE; pcDNA3 was obtained from Invitrogen and 
the PACE cDNA was obtained from Genetics Institute, Boston, MA.) was performed at 

10 a 1 : 10 molar ratio (pcDNA3-PACE/pCMV4-ss-pro-II-Factor X). Transfectants were 
selected with the neomycin analogue G418, and resistant colonies were screened for 
Factor X production by sandwich ELISA as described (Larson et al., 1998, 
Biochemistry 37:5029). Selected clones were expanded into NUNC cell factories 
(1264 or 6320 cm 2 ; Nalge Nunc Int., Naperville, IL.) and a total of 6-15 liters of 

15 conditioned media was collected over 14-2 1 days. The medium was filtered and made 
10 mM benzamidine prior to storage at -20°C. 

Purification of rFactor X. rFactor X was purified from conditioned 
media using a three-step chromatographic approach (Q-Sepharose, Factor X 
immunoaffinity, and hydroxyapatite chromatography) essentially as described (Larson 

20 et al., 1 998, Biochemistry 37:5029). The fully y-carboxylated rFactor X eluting from 
the hydroxyapatite column was precipitated with ammonium sulfate and the protein 
was stored at -20°C in 50% glycerol/water. The concentration of rFactor X was 
determined by absorbance at 280 nm (M r = 59,000; E^JVo = 1 1 .6) (Di Scipio et al., 
1977, Biochemistry 16:698). 

25 Characterization of rFactor X Protein purity was assessed using 

NuPAGE 4-12% Bis-Tris gels (Novex, San Diego, CA) followed by staining with 
Coomassie Brilliant Blue R-250. y-Carboxyglutamic acid analysis was carried out 
according to the modified method of Price (Price 1983, Methods Enzymol. 91:13) for 
alkaline hydrolysis and separation of amino acids was accomplished using a DC-4A 
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cation exchange column on a Waters LC-1 Plus HPLC as described by Przysiecki 
(Przysiecki et al, 1987, Proc Natl. Acad Sci USA 84:7856). Known amounts of L-y- 
carboxyglutamic acid (250 pmole) and L-aspartic acid (500 pmole) were used as 
standards for peak areas as well as retention times. The Gla and Asp/Asn peaks areas 
5 of the base hydrolyzed plasma-derived and rFactor X samples were compared to the 
peak areas of the Gla and Asp standards; moles of Gla per mole of protein were 
calculated from these values. Amino-terminal sequence analysis of both the heavy and 
light chains of rFactor X was accomplished by transferring these fragments to PVDF 
membranes (Matsudaira et al, 1987, J. Biol. Chem. 262:10035) followed by automatic 
10 Edman degradation on an Applied Biosystems 475A protein sequencing system 
(Kalafatis et al, 1993, J. Biol. Chem. 268:27246). 

The Results of the experiments presented in this Example are now 

described. 

Preparation and Expression of a Prothrombin/Factor X Chimera . The 
15 following experiment was conducted to determine if y-carboxylation of rFactor X could 
be enhanced by exchanging its propeptide with one that binds the y-carboxylase with a 
reduced affinity. Thus, the propeptide of Factor X was exchanged with that of 
prothrombin. Using the technique of splicing by overlap extension, the signal sequence 
and propeptide of prothrombin was attached to the Factor X cDNA starting at position 
20 +1 following three separate PCR reactions. The final PCR product was digested with 
BglH and SacII and was ligated into the mammalian expression vector pCMV4- 
wtFactor X. The entire insert containing the signal sequence and propeptide of 
prothrombin was verified by dideoxy sequencing. It should be noted that the signal 
sequence of prothrombin was included simply to facilitate PCR and subcloning of the 
25 prothrombin propeptide; it should not influence in any way the extent of y- 
carboxylation. 

Expression, Purification, and Characterization of a Recombinant 
Prothrombin Propeptide Factor X Chi meric Protein . The chimeric expression vector, 
P CMV4-ss-pro-II-wtFactor X, was used to transfect HEK 293 cells. Several clones 
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which were positive for rFactor X by ELISA were selected and subsequently expanded 
to establish cell lines. Two clones harboring the prothrombin pre-pro-sequence, clone 
B5 and clone Al, as well as native rwtFactor X (clone D3; described previously in 
Larson et al., 1998, Biochemistry 37:5029) are described in detail here . Each of the 
5 chimeric prothrombin propeptide rFactor X clones directed high level expression (B5; 
4.0 fig/1 0 6 cells/24 hour; Al ; 2.3 ^ig/10 6 cells/24 hour) compared with native rwtFactor 
X (D3; 4.0 fig/1 0 6 cells/24 hour) indicating that the prothrombin pre-pro-sequence did 
not alter the ability of this cell system to express rFactor X. These cell lines were 
expanded into cell factories and conditioned media was collected over 14-21 days. 

Purification of fully y-carboxylated rFactor X from conditioned media 
was accomplished using a three-step chromatographic approach as previously 
described (Larson et al, 1998, Biochemistry 37:5029). Following Q-Sepharose 
chromatography for initial capture, rFactor X was purified by immunoaffinity 
chromatography using a monoclonal antibody (MoAb, 4G3; Kim et al., 1994, 
Biotechnol. Lett. 16:549) that binds all rFactor X and does not discriminate between 
uncarboxylated and fully y-carboxylated protein. In order to separate these two forms 
of rFactor X, phosphate elution from hydroxyapatite was employed. It is known that 
that at low phosphate concentrations (-150 mM; peak 1) uncarboxylated rFactor X 
elutes (0-0.5 mole of Gla/mole of rFactor X), and at high phosphate concentrations 
(-275 mM; peak 2) fully y-carboxylated material elutes (10.5-1 1 .0 mole of Gla/mole of 
rFactor X) (Larson et al., 1998, Biochemistry 37:5029). Thus, elution of rFactor X 
from hydroxyapatite not only provides a useful way for isolating fully y-carboxylated 
protein, but also enables us to determine how much of the total rFactor X produced by 
a given clone is fully y-carboxylated. 

The detailed purification table for clone B5 (rFactor X with the 
prothrombin pre-pro-sequence is presented in Table 1. Similar results were obtained 
using clone Al. 
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TABLE 1 

Purification of rwtFX clone B5 



Purification Step 


Volume (mL) 


rFX 
(mg/mL) 


Total FX (mg) 


% Recovery 


Conditioned Media* 


9660 


0.003 


27.5 


100 


Q-Sepharose a 


150 


0.18 


27.0 


98.2 


Immunoaffinity (4G3) b 


46.0 


0.49 


22.5 


82.0 


Hydroxyapatite Peak-l b 


30.0 


0.09 


2.7 


9.8 


Hydroxyapatite Peak-2 b 


52.0 


0.34 


17.7 


64.3 


Final rFX Uncarboxylated b c 


0.6 


3.25 


2.0 


7.1 


Final rFX Carboxylated bc 


2.0 


8.62 


17.2 


62.7 



5 

a As determined by FX specific ELISA 
b As determined by absorbance at 280nm 

c Final purified material following ammonium sulfate precipitation. 



10 Chromatograms of the hydroxyapatite eluates of the prothrombin 

propeptide/rFactor X chimeras clones B5 and Al are shown in Figures 2B and 2C, 
respectively. These data establish that approximately 90% of the total rFactor X 
applied to the column eluted in peak 2, indicating that the majority of the starting 
material was fully y-carboxylated. This is in marked contrast to that seen with native 

15 rwtFactor X (Figure 2 A) where only approximately 20% of the rFactor X was folly y- 
carboxylated. Several (n = 7) rFactor X clones have also been expressed and purified 
having the prothrombin pre-pro-sequence and the results indicate that on average, 85% 
of the protein is fully y-carboxylated, compared with approximately 35% of the 
material from rFactor X expressed with its native pre-pro-sequence (Table 2). In 

20 addition, clone B5 (with prothrombin pre-pro sequence) has been expanded, expressed, 
and rFactor X from this clone purified on three separate occasions having similar levels 
of y-carboxyglutamic acid (approximately 90%) content obtained each time. 
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Table 2 

Characterization of Various rFX Clones 





+FX propeptide 


+ Prothrombin propeptide 


FX Clone 


Expression 
( g/10 6 cells 
/24hr 


% of Total 
rFX 
Fully - 
carboxylated 


FX Clone 


Expressi 
on 

( g/10 6 cel 
ls/24 hr 


% of Total rFX 
Fully - 
carboxylated 


rFX-1 D3 


4.0 


20 


rFX-1 B5 


4.0 


90 


rFX-2 B5 


3.0 


30 


rFX-2 Al 


2.3 


91 


rFX-3 Dl 


4.0 


40 


rFX-3C5 


1.0 


89 


rFX-4 C4 


2.4 


30 


rFX^l E2 


2.3 


82 


rFX-5 A3 


1.5 


25 


rFX-5 A4 


1.0 


81 


rFX-6 B2 


3.2 


35 


rFX-6 A6 


1.2 


73 


rFX-7 C3 


2.1 


45 


rFX-7 CI 


0.5 


91 



Direct y-carboxyglutamic acid analyses of the alkaline hydrolysate of 
rFactor X eluting from peaks 1 and 2 for both clones (B5 and Al) harboring the 
prothrombin pre-pro-sequence are presented in Table 3. Consistent with the previous 
findings, rFactor X eluting in the peak 1 was essentially uncarboxylated and material 
10 eluting in peak 2 was fully y-carboxylated. 



Table 3 

-Carboxyglutamic Acid Analysis 



Samples 


Average +. SD 
mole Gla/mole protein 


Theoretical 


PD-h Prothrombin 3 


10.1+ 0.6 


10.0 


PD-hFactor IX a 


12.3+0.3 


12.0 


PD-hFactor X a 


10.8+0.1 


11.0 


PD-h Thrombin '* 


r ND 


0 


rwtFX-ss-pro-II (B5) Peak 1 


0.1+0.02 


0 


rwtFX-ss-pro-II (B5) Peak 2 


10.7+0.1 


11.0 


rwtFX-ss-pro-II (Al) Peak 1 


0.2+0.04 


0 


rwtFX-ss-pro-H (Al) Peak 2 


10.3+0.1 


11.0 



' Plasma-derived human coagulation factors used as standards. See Methods for 
15 determination 

of Gla values. Values are the average of three separate determinations + S.D. 
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b ND; No Gla peak was detectable. 



10 



Amino terminal sequence analysis of clone B5 (similar results obtained 
with clone Al) demonstrate that the prothrombin pre-pro-sequence was correctly 
processed from the rFactor X light chain irrespective of its y-carboxyglutamic acid 
content (Table 4). In addition, blanks were obtained at positions 6, 7, 14, and 16 for 
rFactor X eluting in the second peak indicating the presence of y-carboxyglutamic acid, 
whereas glutamic acid was present at these sites for rFactor X eluting in the first peak. 
These results are consistent with the y-carboxyglutamic acid analyses. The rFactor X 
heavy chain from both peaks was also sequenced and the integrity of the heavy chain 
was confirmed. 

Table 4 



Amino-Terminal Sequence Analysis of rwtFX Clone B5 

Peak 1 From Hydroxyapatite Column Peak 2 From Hydrox^ 



Cycle 


Amino Acid 


pmol 


Cycle 


Amino Acid 


pmol 


1 


Ala 


85.8 


1 


Ala 


75.2 


2 


Asn 


36.5 


2 


Asn 


38.0 


3 


Ser 


25.7 


3 


Ser 


21.8 


4 


Phe 


69.0 


4 


Phe 


52.6 


5 


Leu 


69.4 


5 


Leu 


43.4 


6 


Glu 


30.3 


6 


(Gla) 




7 


Glu 


51.4 


7 


(Gla) 




8 


Met 


54.6 


8 


Met 


34.3 


9 


Lys 


51.8 


9 


Lys 


15.4 


10 


Lys 


86.1 


10 


Lys 


50.9 


11 


Gly 


52.3 


11 


Gly 


24.8 


12 


His 


5.8 


12 


His 


9.90 


13 


Leu 


34.9 


13 


Leu 


17.8 


14 


Glu 


4.8 


14 


(Gla) 




15 


Arg 


25.0 


15 


Arg 


13.8 


16 


Glu 


12.2 


16 


(Gla) 




17 


Cys 


10.1 


17 


Cys 


10.1 


18 


Met 


10.2 


18 


Met 


6.70 
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Following purification of fully y-carboxylated rFactor X from 
hydroxyapatite, each of the rFactor X molecules as well as plasma-derived Factor X 
were subjected to SDS-PAGE. Each protein was judged to be >95% pure and migrated 
at the expected molecular weight under both reducing and non-reducing conditions. 
5 The amount of single chain rFactor X was <5% indicating almost complete removal of 
the internal tripeptide. Following activation of each recombinant protein by RVV-X 
and purification on benzamidine-sepharose, these proteins were determined to be 
identical to plasma-derived FXa with respect to clotting activity, chromogenic substrate 
activity, inhibitor sensitivity, prothrombinase activity, and cofactor binding. 
10 Example 3. Amino acids Responsible fo r Reduced Affinities of Vitamin-K Dependent 
Propeptides for Gamma Carboxylase 

As noted elsewhere herein, the binding of the gamma-glutamyl 
carboxylase to its protein substrates is mediated by a conserved 18 amino acid 
propeptide sequence found in all vitamin K-dependent proteins. It has recently been 

15 shown that the apparent affinities of the naturally occurring propeptides for the 
carboxylase vary over a 100-fold range and that the propeptide of bone Gla protein 
has severely impaired affinity for the carboxylase (Stanley et al., 1999 J. Biol. Chem. 
274:16940-16944). In the present example, a consensus propeptide sequence that 
binds tighter (Ki = 0.43 nM) to the carboxylase than any known propeptide sequence 

20 is reported. Comparing the factor IX propeptide to the propeptides of protein C, 
bone Gla protein, and prothrombin, the weakest binding propeptides, facilitated the 
prediction of the residues responsible for the relative weak binding of these substrates 
to the carboxylase. Propeptides were then generated with the predicted amino acid 
changes and binding affinities of these propeptides was determined. The reduced 

25 binding affinity of these propeptides relative to that of FIX is due to residues -15 in 
protein C, -10 and -6 in bone Gla protein, and -9 in prothrombin. A role for the -9 
position was not previously recognized but is further evidenced by the identification 
of a new, naturally occurring mutation at this position in factor IX which causes a 
warfarin-sensitive hemophilia B phenotype. In addition, it was discovered that 
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propeptides having mutations found in warfarin-sensitive patients have reduced 
affinity for the carboxylase, suggesting a physiological relevance of propeptide 
binding affinity. 

5 The disclosures of each and every patent, patent application, and 

publication cited herein are hereby incorporated herein by reference in their entirety. 

While this invention has been disclosed with reference to specific 
embodiments, it is apparent that other embodiments and variations of this invention 
may be devised by others skilled in the art without departing from the true spirit and 
10 scope of the invention. The appended claims are intended to be construed to include all 
such embodiments and equivalent variations. 
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What is claimed is: 

1 . An isolated chimeric nucleic acid comprising a nucleic acid sequence 
encoding a propeptide fused to a nucleic acid sequence encoding a vitamin K- 
dependent protein. 

2. The isolated chimeric nucleic acid of claim 1, wherein said vitamin 
K-dependent protein is selected from the group consisting of Factor X, Factor VII, 
protein S, Factor IX, protein C and prothrombin. 

3. The isolated chimeric nucleic acid of claim 1, wherein said 
propeptide is selected from the group consisting of altered or unaltered Factor X, Factor 
VII, protein S, Factor IX, protein C and prothrombin propeptide. 

4. A vector comprising the isolated chimeric nucleic acid of claim 1 . 

5. A cell comprising the isolated chimeric nucleic acid of claim 1 . 

6. A chimeric protein comprising a propeptide fused to a vitamin K- 
dependent protein. 

7. The chimeric protein of claim 6, wherein said vitamin K-dependent 
protein is selected from the group consisting of Factor X, Factor VII, protein S, Factor 
IX, protein C and prothrombin. 

8. The chimeric protein of claim 6, wherein said propeptide is selected 
from the group consisting of altered or unaltered Factor X, Factor VII, protein S, Factor 
IX, protein C and prothrombin propeptide. 

9. A cell comprising the chimeric protein of claim 6. 

10. A method of optimizing the gamma carboxylation of a vitamin It- 
dependent protein, said method comprising introducing into a cell the chimeric nucleic 
acid of claim 1, expressing said chimeric nucleic in said cell, and assessing the level of 
gamma carboxylation of said vitamin K-dependent protein expressed by said chimeric 
nucleic acid, wherein the effect of the propeptide sequence on said gamma 
carboxylation is measured, said method further comprising modifying said nucleic acid 
encoding said propeptide until optimal gamma carboxylation of said vitamin K- 
dependent protein is achieved. 
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1 1 . The method of claim 1 0, wherein said modifying includes 
substituting nucleic acid encoding said propeptide sequence with an altered or different 
propeptide sequence. 

12. A method of producing a fully gamma carboxylated vitamin It- 
dependent protein, said method comprising introducing into a cell an isolated chimeric 
nucleic acid comprising a nucleic acid encoding a propeptide fused to a nucleic acid 
sequence encoding a vitamin K-dependent protein and expressing said protein 
therefrom, thereby producing a fully gamma carboxylated vitamin K-dependent 
protein. 

13. A fully gamma carboxylated vitamin K-dependent protein made by 
the method of claim 12. 

14. A method of alleviating a vitamin K-dependent protein associated 
disease in a mammal, said method comprising administering the protein of claim 13 to 
a mammal having said disease thereby alleviating said disease. 

15. A method of alleviating a vitamin K-dependent protein associated 
disease in a mammal, said method comprising administering the isolated chimeric 
nucleic acid of claim 1 to a mammal having said disease, wherein said chimeric nucleic 
acid is expressed in a cell in said mammal to produce a fully gamma carboxylated 
vitamin K-dependent protein in said mammal, thereby alleviating said disease. 

16. A method of alleviating a vitamin K-dependent protein associated 
disease in a mammal, said method comprising administering the vector of claim 4 to 
a mammal having said disease, wherein said chimeric nucleic acid is expressed in a 
cell in said mammal to produce a fully gamma carboxylated vitamin K-dependent 
protein in said mammal, thereby alleviating said disease. 

17. A method of alleviating a vitamin K-dependent protein associated 
disease in a mammal, said method comprising administering the cell of claim 5 to a 
mammal having said disease, wherein said chimeric nucleic acid is expressed in said 
cell in said mammal to produce a fully gamma carboxylated vitamin K-dependent 
protein in said mammal, thereby alleviating said disease. 
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18. A pharmaceutical composition comprising the isolated chimeric 
nucleic acid of claim 1 . 

19. A pharmaceutical composition comprising the vector of claim 4. 

20. A pharmaceutical composition comprising the cell of claim 5. 

21 . A pharmaceutical composition comprising the chimeric protein of 

claim 6. 

22. A pharmaceutical composition comprising the protein of claim 13. 
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